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Two-impurity Kondo Effect in AIJAIOx/Y Tunnel Junctions

Student : Da-Wei Wang Advisor : Prof. Juhn-Jong Lin

Institute of Physics
National Chiao Tung University

ABSTRACT

We have measured the differential 'conductance G(V,T) in five Al/AIO/Y tunnel
junctions from 35 to 2.2 K, and all of them possess different room temperature resistance. We
focus on three of them with smaller-resistance (sample# A, B, and C). As the temperature
below ~30 K, the zero bias conductance G(0,T) behavior crosses over from an insulating to
the anomalies: G(0,T) increases with the temperature decreasing between ~30 and 4 K, and
G(0,T) decreases as the temperature decreases” lower then ~4 K. G(0,T) presents a
non-monotonic behavior with the temperature.

Between ~23 and 11 K (high temperature regime), G(0,T) is —logT dependence, and
G(V,T) can be described by the Appelbaum’s weak coupling Kondo effect theory. As the

temperature decreases to ~17 K, G(0,T) starts crossover to T dependence, and
G(V,T) obeys a scaling law between ~17 and 8 K (intermediate temperature regime), which
is similar to the two-channel Kondo scaling. We attribute this behavior to a competition
between Kondo effect and interimpurity antiferromagnetic coupling, i.e. the two-impurity
Kondo physics is observed in our junction system, and the impurities are the spin-1/2 Y atoms
(4dY). We think that a few Y atoms may situate at or slightly diffuse into AlO,/Y interface
during fabrication process, leading to some localized spin-1/2 moments present at the
interface. As the temperature decreases lower then ~4 K, G(0,T) decreases with decreasing
temperature. According to the two-impurity Kondo model, this implies that the ground state
of our system is the local spin singlet phase, it is an interimpurity singlet state.



Furthermore, we have measured Zeeman splitting in the magnetic field between 1 and 4 T
at ~0.25 K. The behavior of Zeeman splitting with variable magnetic field seems to imply that
the ground state is triplet. This result is not consistent with the previous conclusion. We still

do not understand how to explain it thus far, more analysis and discussion is needed.
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2-2-2 %484 %% (Strong coupling regime; SCR)
e fed o FER N Tio A CRE TR IR I A g sime
FATEE T RERETRF R 2BFEVFE LR Sotd 315 b Adrfle

FEOoRAVHEI NN RHES ERGV,T) -V e T igig4fro &> e @ [10, 21,

22]45 1 2 GV, T) ¥ 45 it



G(V’T)zG(O'O){[l_CT[TLJ }—q[a—qy(_rlj }{ke\'l{ j} for (V,T)<<T, » (2.17)

Hec i- BEHAG MH%#Ec o 5 T =04 5 (zero temperature curvature) » y & —
BN £ 2T 850 TR B % R ch % fic(temperature broadening of the Kondo peak) » & 323 38 iR
aBy i F ¥ e

P T B iR R Y - BRI e - B hT S EF
R E B ABR T P 3 IE R AR L - i i 1T % 2% (One channel Kondo effect;
1CK)° i) ¥ - ket fi e P 2S =1 B jrd f M =1-M =28 3 = > & jr(fully
screened)sHfii o BB E 3484 R T T F ERT P LT HITH ERGV,T)H
BRZ RBEFHER 2 c FEARMY T FL R FERTp 22T e cigsnid g
PRI RIS TP M FRL AT R B A S HE S0 VHEL § AR

RILh 4 i GV, T) 2 V2 & ST? g Fukpde s

2-3 = i#ig 7 ¥k (Two-channel Kondo effect; 2CK)
¥kt AR (R2:7) A 3 B R L2 e e PR A BB h T
F B F 48 L - 2 Hamiltonian ¥ 457 % [10]

H = ngicljoickoi + Z‘Jisi ‘S (2.18)

k,o,i i=1,2
Ji, » RF R NT I REFBEMERAE R RI=12843 T FERBYHE
PR A AR R )£, BMERTT C BERBDTFE G LR

f;;f;;n/:,kﬁg_gso F-B33IREPETTF Exc ’T} g A PR R A A ER s T

A\
=
~
S
't\, ~
o
-

Jhm sz ICK ehffiR o § J, =0, > s FFa Bih2 chT + B ¢ 5y hd &
Fese B p 0 iR 4RTT (T=0 > J,=J, 7 & 2CK fixed point) » f € 1/2 h3e 77 ¢ §
BT T L ARG U2 w g pF p %GR+ BT 0 2 S EA
B j (overscreened; S#0)hfiiw - pt EH G(V,T) % £ 3 & § F iR ML (oc T2 V¥

o d 2 [O]p  Bst HRG(V,T) T g i 5

10



S

W 2-7 2CK #3737 2 B - [4]

~
o

0.5

B 2-8 2CK #5313 b Sdcix 27 2 G-T Kl - [4]
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2CK(NFL)
overscreened

2y,

1CK(FL) .
~ 1

W 2-9 2CKH A2 ApRI[4] e ¥ o= P l2imfe Tita chjpz i + B F s & (8
TAREBELER IR HRDFBEMBEL B LI ED) PR EMRE <]

EHTIT FAReni i o F 0, =, 5 B8 B e enbEn o
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G(V,T) =G(0,0)- PT“ZF(P EVT] : (2.19)

B
A9 PE P, RA g e BT GRS S P M AR ST e
o 2 (T R)ehpedp o T(X) 5 — ¥ i scaling & #ic > H A 4&'TT ¥ 1T i 4

1+ox?,  |x<<1
r(x) =43
T

X, W>>1 (2.20

d 5%(2.19)22 (2.20)F 1 {8 3| T G A T EHE A OB % 5 G(0,T) 2 G(0,0)—PAT o 5

if ¥ 12 {8 5] - 1% scaling form

2
eV eV
(CP12 PZ)X (kB—T] s u <<1

3 |eV| |eV|
Sprx B p By
A P S

d (221)7 w8 GV, T) e V| T A g A RMB S TR 7 5 0 A5 20 F R

GO.T)-GV.T) ) X F(Pi)—l ~
T2 YkeT

(non-Fermi liquid; NFL) -

— B p A2 e B A B ), S BRI e+ R R B E PR - i
i 1T % $-7) (Two-channel Kondo model; 2CK) (B] 2-7) - &3] ¢ %8k J, > J, & J 1 <JF"
gwr ICK sifim > A3 2 2B HGV,T)oc VI~ TR &P K RMF 2 - §
3=, Al s @R G fEPfFRD F g2 f 7 5 0 B GO,T) o —/T (W 2-8)

2 G(V,T) ¥ * 2CK scaling form % #5 it - 2CK -2 eh4p Bl 2 o7 & B4 B 2-9 -

2-4 = AT HEFA (Two-impurity Kondo model; 21K)

FERD IR TR G RTINS LR TR DR A
IFT Y RRTHIIRERE T RFTFHI s ok —BEGE PR TR
BP G ha TR ARHTIEMET FRRTET I A E DR SFAEAHL -

#7517 % #03) (Two-impurity Kondo model; 2IK) - # Hamiltonian ¥ 4 it  [5, 6]

13



H= Zekckocka+ZJ r)-S, |+ K,S,,-S,, ° (2.22)

=12
B S (i=12)r % & A B p g 12 chfe B ardizd » KS, S, &3 RFFdE
2182 0N (2.22)eh% - 5F " ARTHT I REOTERE ¥ b ¢ R RKKY
LI R ARTE G A—FRmE Ky © FIBt G 3? Soee TR E 5 K=K +
Kraxy © FAEE 25248 & 5 F B E(KS0) 2 i S (i £ 2 B TE TR
Fapimt (Faen R K¢ A2 - S M B¥RG &8 87 it ¢hip (phase) = &
LA T=0FSd ase gL apns 2 ka4 £34p% 2 5 - quantum critical
point & (KITk)c~2.2 #» 3z 4 (B 2-12) © % (KIT)<(KIMK)c > Adis @ 1T sa /s »
Flotpe g g A ETT 3R B A, B & s 0 A5 1T % & jir4p (Kondo screened
phase) » & 2. » § (KIT)>(K/Tk)c * F&F F 4848 & P i 5 50 1T ol » Flet e B 7 88
wAR I B A S B E i S=0 0 ERIpFITHOTUESE 2 0 AL R p 22 H £ 4p(local spin
singlet phase) - < }“L # 3p 217, 8] 2 21K i3] 5 quantum critical point ¥ F *t 2CK 3]

¢ 2CK fixed point > H Jt.g &g N 2R KR ai7 5 0 & transport (£ F 2 o6 A
G(O,T) oc —/T (W 2-11)2 G(V,T) % § & =4 2CK/~ $s pr scaling law = 21K #i3] s4p

2_57 &, Bl4cE 2-9 -
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wﬁ’@ d
. JOK

W 2-10 2IK #3457 2 B - [8]

1/2

W 2-11 2IK #-4)7 Ib $#cis =7 2. G-T B - [8]
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Kondo Local spin
screened B EOM singlet
phaseg LY hkant, phase

> KIT,

W 2-12 2IK #3212 4P B[8] - B * ‘KD & iT#H »c - AFM & £ }’E}T?Fé" X2k s
& oA s L ) € BT A R AP i 0 B 5 2— quantum critical

point (K/Tk)c 4" &+ 7 4p
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- BRI

I

3-1 % &WUH

FORHEEE - BEBIBGIE Bz kB WUERE AL ZH I Ling ¥
-k ARk 2IERGAE 3MHST K ERK -

EAPEREY o R k2B AN R A FEN AT R kG5
53 1“48(AIOy) v A i % § F 4k F (glow discharge)s= st k2 £ > 5=k £ B
go(Y) 0 A B BE A N kL iE

TSP R EGITAE 2 SRS R PRILA SR F A5 A Bk AP

POl AR F AR 2 R TR

3-1-1 #F &

# 7 4 (thermal evaporation) = =32 F ApJT = 48 > B8 Wi 42 - ¥ Rehgt
HEe HI1TRILL AR L ZenRB T » @ TN niEsE L (boat) e B 4k & e B (F 4B
) g o A A PR RN E S Gy iR R MR F RS AR
/s ’Je*%"’%éi]fﬂj#t“ﬁﬂ‘ﬂﬁﬂio

EEBWVEHMN G - 2 FRTENRYSE  c HRAEIEFERLDRTMEST S 6

P ERA R R A AT

-

MHz > § P E4EPFEF » ¢ PP dE T ER S

HceT

2

\\\Xr
3

VLR S et R T e b - KA W IR 2 R R S .
B T AT

1.ﬁiiﬁﬁ:ﬁiiﬁﬁ%ﬁﬁ%?ﬁo—{%ﬁ%@%%ﬁﬁﬁ’ﬂ%ﬁﬁi

AR R A F R WA TR EFAERERT € o F B - 2%

MF e F R EF SRR PR 5 ARBERASF NS

\F‘b

SRR AW T g R

‘P*‘i

SHEL R F R 2 R S R e 0 2 A

,H-_ﬁa’—’\ °
2.%ﬁﬁﬂi%%4ﬁ%?ﬁ%1%%%ﬁﬁoﬁ%%?ﬁﬁ*’%iﬁﬁ%’%
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ﬁwﬁi’Z%"ﬁﬁﬁ*’%uﬂwwuﬁgﬁ?ﬁw++§§ﬁwﬁ$%
AP E B BARR o R EMIRE A2 B3 - 35 (shutter) > &— B 4a4EF L
1%

WEEDIE K 2R AR o PR B F BT AR .

"ﬁ\

A
T

PR FIFEEFERTE R A PR ER R EE BT

»w

1p=d

Yt

3. AAriEAL AR ML RAFEIEME RSTRB Rk o A B 2
FREFT- BRI UL RSP TEA S o AP EEFL EEY
AP R FET - BT

b FRE R ugf:»}; I gA,mn A £353 ﬁﬂ%fﬁgiﬁg}%ﬁ P VI BN VERR R H

£ B Y (metal mask) B F A4 & B A A b Ik hEgT o

AR Aol 3-1 -

31-2 *EF K

*

Fu g * ok 2§ (glow discharge) sdhfie ks £ 3 it o L RIEHE ~ § F @ 2
e Tfrn- FTRY  AAFPORBEF - FTRES 5 FR - L5 ¥

-y B :*)I‘gliz&%/;ﬁﬁvT*iFF@ 5 3 A doBloT 3-3 -

3-1-3 #REEELz ERTER

A E 2 (Corning) 33 it 5 A4 > e 2 5 9.6 mmx5.9mmx0.5mm - %
P EREYL > BAE P LE 32

FAEATR Y adEf A B EE 0 7 ord A adrs(Alwire) o B &R S 99.999 % o Z g
en4e4t 5 Johnson matthey catalog company #7+4 & 4z 3 (Y chip) » % & 5 99.9 % - 4%
frig et LG 454+ (W boat) o

G ARPE AR FARGER S 9 15 Cm e b F AL BRETT T RERTT 0 aF
GEEl AR e VERER 4 45 A 100 torr o Al Wl AR F 4R 9 5 0.3-0.4 nm/sec B A 5 20
nmeY s8] 47 x4k 3 9 5 0.4-0.8 nm/sec(4~ 41 F 4 5 0.4-0.6 nm/sec) & & 5 60 nm-

BESEA Y W2 BFEASE —K AIOH (T8 45 4 » * & 358 Sk enft

d
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BEe L IFPFWE » BHRF F BpMRS BEFOLtor B BT H 1 IEH F L LTW 4 i
AEEE A PTRA XS 500 Ve AVAIOJY 7 ik 8htk g PR e 28 T 10

ok 3-1-

%31 FTRAEERTIESF CER
Bl | F 1 F "B | BREGH | ZERBTE
sec mm’ Q
1800 0.5x0.8 170
1800 1.2x0.5 310
1800 1.2x0.5 490
3600 0.5x0.8 2300

3600 1.0x0.8 12700

m| 9| O W >

!

- BEF T AR LGSR 0 AR G4 K P EE 4 € 7 A F (pinhole) !
Mo GLEBEFERA L FEREN BB A CEET NG F o F AT E
ﬁ;%nﬁiﬁ?%%ﬂﬁi%oﬁéﬁgﬁﬁw%%t?mﬁuTﬁ%:Lﬁ+%%
WA 2GS ERE R T RBPHPA TG G A c AP IR AR 2 Y

SEFELUERE R E LIRS AR P S SRR EE LY L

LB PRETIEE L bR RERUEIHTE G T § R L L R b

Forupalmgic 3@ > s PpEr § LR Paggk o
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wrz o=
el [ —
DC power |
supply. .
17 W; ~ -500 V {l: Plasma &
SEov
V2
v PHEZEE
% ]
- ] MP
O ><

W 3-1 #FE4 AT R 2 iR LA IR Ao R (MP) & 2 g

LB V2R i+ MP et a8 3 5x107 torr 12T o 2.8 V2 B V1o #-if wF
(TP)# Eadb I 5x102t0rr 12 » fads TP » 47 V3o B 4o 924l » 3.4 T 4240 R

Flif 3x10° torr v T (02 A e AR k2 MP TP enT e > PERY A PR &
S ) EFREE F VAR AT S AR F ViEARS o BF L) FR
R 2 fr o5 V3 M- TP %3 MP 3 430 TP chy BF &2 4 2 o po b
Flo AR A o P g2 B FEBEFERRSIE VAR 5

BRI TR c B TP RS - PFis > IV A VL B MPo 1 (T4 o
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(b) (c)

32 5 asml S per 2 £ Bt WA - (2) Bk AR 8 A0 T 2

FBA; o (b) FAEY WY 2 B WA e (C) SR I LE

i

| AlO, |
;Zz
~-500V; I _ ;n_ex_cit_ed_o: n:o;ecTJl;

I |
I |
17 W : ©) : AnO-ion :
I |

Po. ~ 0.1 torr

W 3-3 #hk xR - [23]
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3-2 MR kA
AEAPEA G RRIFH IO e AP T R R ST RIE R FF S 60K
025K 4TI AT o RIp BB 0 RAPTEF IS IR &AL *He cryostat

% °He refrigerator - 12 T #-ix Bjeies Bk AR 5 -

3-2-1 “*He cryostat(cryo)
Sfmoer % i Cryo Industries #7 %] i 2. “He cryostats(Model SVT-1572-SDI

Insertable Storage Dewer Cryostat) - p* 4 so¥ 3% 508 B %R HE 5 300-1.2K -

3-2-1a HiERM

H#i¢ 7 L 4oF 3-5 - Cryostat a0 &I A& 24 - *H K &

b

% % & (insert insulating
vacumm) > p & 5 & 7 B (sample_space) s B p Ak i * £ 0 Ad BRE A X AR
(Dewar flask)#t crgf s Fr gz B o P EREZ B S I & 2 > & Ad - 12
PHABEREI G PE AT RS FRET S EER - Bl S T RERERR
PF - BETTRELR ORI T G PR EZF o Cryostat p 7 & 358 B3

(sensor) % 3 3 4u # % (heater) » - 284 6 A (S P

3-2-1b FERRE

B R PIE R nE R(60-22K) > ZERFREE S ET A LA M o 1 60- ~4.2
Ke Bt BRp CFESZLIIFBRFFRRE TESRMDERSTE  Fl PR
S R R B S (L He)eA 28 B (42 Ko 1bar) » #F Be ¥ 53 & 5 42K 0t §

F oom AR ll’“ﬂ"f BAA2KaA § F REAPORSERIE > F A RS o

%

kA r1~42K o2 ~42-12Ke Bt B %N > Fla HFED g R e 5k g it g

<k

BRI L bt A A arek o AR R A PR YRR R e & ks

Fro NP AR g A BEE B Arfog f B M o B4 TE N BRI o] 34 i

PFizFitherrs Fag & e EEF42KET TR 4 g;f'ft#é‘g-ﬁ:rf'q-ﬁ& IEANIAE
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FRM A BRI EERF O RESIFORS FN O MFARETFN R
FOrE A A kit O R ARG E RN 42 Ko BT L A it s R R T T <12

Ko 1 {7 & 4B 3-6 -

3-2-1c BRYPEHEF
*He cryostat EEeF SRR R h(sensor) 2 B 3F 4e 1 E (heater)e 5 3 ,Lf;*.*“'rs silicon
diode > 1 iFg~f 5 1.2-325 K> H ¢ — 3px Sl » KRB R FF 7 14-325K; & 3f
BEV-HERTEF HRSLHT - eRTFRFREKS T Bl i et
EF O AEEEA o - $F4AE L Ribbon s TrE L 60 Q0 A RITEF AR RS ACFIT O
E V-3 EL Cartridge Tre i 50Q0 ¥ ARTHR FRERS T Bl e

BRZFE e B-EA4oBlT 350

10°

Vapour pressure P [mbar]
5 =k —_ —_
- Do <, Ct)u

—_
<
ra

0.2 0.5 1.0 20 5.0
Temperature T [K]

W34 ‘Hewr’He i Mg Az Wik -
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SAMPLE POSITION ADJUSTER

(1) 10-PIN ELECTRICAL

FEEDTHROUGH (1) 19-PIN ELECTRICAL

FEEDTHROUGH i
. QUICK CONNECT i
L FOR SAMPLE ACCESS
SAFETY PRESSURE RELIEF VAPOR PUMPING
PORT WITH i
FLOW VALVE OPERATOR NW2S. FLANGE ;
EVACUATION VALVE,
SAFETY PRESSURE RELIEF
AND ELECTRICAL CONNECTOR L
FOR VAPORIZER HEATER 3.
& CONTROL SENSOR
—
\Nw 50 FLANGE
FOR STORAGE

DEWAR ATTACHMENT

(2) REMOVABLE AND
ADJUSTABLE RADIATION
BAFFLES

1.12 0.D.
S/S

42.00

0.75 0.D.
S/S

COPPER SAMPLE MOUNT WITH
PROVISON FOR TEMPERATURE
SENSOR AND 1/4-28 TAP ON
CENTER FOR ATTACHING SAMPLE
HOLDERS

He FLOW VALVE |
S [T———— 15 PIN RESISTIVITY T MOUNT

WITH FILTER
COPPIR VAPORIZER WITH
2.406 HEATER AND PROVISION
1.50 i FOR SENSOR

\coacznmcm SPACER

W 3-5 “Hecryostat i ]
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4He cryostat

i
AVAVANA ﬂ . TAVAVAY
= BALE
B
o L-*He
ﬁ’rﬁsﬁ\s ‘///7 E
Dewar flask

W 3-6 “*Hecryostat 1 it % M °

3-2-2  *He refrigerator

Aot * e °He refrigerator 3 Oxford #7 %l i 2. *He refrigerator(HelioxVL) « ¢+ i
AT AT LR R R ERIPF TR g S o LA R Y PR R
1 17 & 4 F.% 70 K-base trmperature(~0.25 K)o & F 8 £ 2]+ - 30 i i * g & 2 30K

-base temperature(~0.25 K) »#t 4e 2351 4T »

3-2-2a HwM

*He refrigerator $£.i¢ 4-B] 3-7 77 « L B ¥ 4 5 = B34 > 5 - 3 L REHRL 2
AL AR 5 SHedump 2 B 1 S e R T 808 MBARBRT C LEBBT
#& ~ 1K plate pumping line and valve 2 1VC pumping line and valve o - % = R84 ik B e
PREOAPHELBE PRI -1 203y BRI EEY - B8 S Z Ko
LR o FZMA ARBEDET S 0 APHL C B G- B IVC(inner vacuum
chamber) » 47 IVC {3 e &1 gva » £7 § *He sorb ~ 1K plate ~ *He pot ~ 4 &/ ~ 7
FERFZZHNERFT HIIVCEEF - B84 gkt a » 5 IKplate ¢ 5 >
Hier L (L' He) 2 IVC P ehgi it RN § - £ 1 A RnE R T 8 5 24y
FI 4R ] o F B € IV 1 i~ IVC R o 48 Hesorb 2 1K plate » £t i@ 4% A

Foe1 1K plate pumping line » 42 248 2 & IVC e ™ 2 > =8 T (79 14 F % 5k o
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He T prig s & *Hedump» § — i ¥ B33 9030 16 B B F]E C £ » *He sorb 4% #
R RN o IKplate @42 R A Bl &w@%ﬂ%%mnmwﬁﬁ%@%’bg
He 2 B & 3% o

FER L AR RE P GRS AoF 38T o SR F S & F 4 0 4 °He pot
oy TG A B 0 9rrs CHe pot otk gk Ui T i BT e S5 R T
Weff 5 SR R e OHe POLAR 5 AR R o 5T e Afh S A et b b b s o b T 7

12

R EH

3-2-2b "R ERE

BTGRP g LR IVC P R A T 10 mtorr T s AR IEIERE N §IE 0 2 18

Z jo *%

rU R g F R RERS XA AI0mtorr 2% o HIE N EBFIEFIET
AE

1. 70-8Ke At B R AR A & &L IVC P en 3 5 B 22 ¢F 5 e § (~4.2K) it

kot FIL AR e R F MRS« g 10 mtorr chF F 0 T R R (4p
E 7 4 1K plate ¥ BEPE AT Grerif B) S 8 & T-8 Ko o # plgg = 2 v g
MERIH8K =+ -

2.&48K°*“ﬁ?t“/%%E#W#W%”ﬁ&ﬁiﬁ@lKWmﬁﬁo
i ki § 0 % § B4 £ °He sorb ~ 1K plate » 1K plate € in % *He % B 4 s
g Bk fr °He pot o F1 5 1K plate # B § AR fo— SRR KR 0 T E B
NEURA ERL e ETRREE IR R B AT N4 ErF~18K e

3. 1.8 K—base temperature(~0.25 K) o if | st ;8 » L'He & $ 8 (%8 & % R

AT R LR EFAPRT R CHe BRI B R S i

(=

i e °He refrigerator e7°He ¥ %4 - B R P A AR o 7 R ACEH 3-9. 0 S B
BRI TREAe™ D F KT R T ARLERE CEE AR MERR
% > €4 cryo pumping sk o Flpt R A 5Tt A B PHe dump 9 °He F 88 €

i

LT s o fe F) 5 sorb gt pES £AST HGE 0 SHe F 4 € AL sorb @ iR B

—
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*He pot o % i 4 4 sorb | 30 K » *He pot ;8 & 4% 2.2 K(i4>t 3He i 2L) > i He
F AT < i 8 sorb ot PHe pot £ A LPHe(k *He)» $ & - KRR 4 (E &L
= 30 4 48) > B #H sorb heater @& sorb /§ & T *% - sorb ¢ ¥+ *He pot 3 F 0 AG
1 LPHe FLRJR IR chb (R R § T o T Rl ko MGE B A AR 5 A E (base

temperature) > ) % 0.25K -

3-2-2¢ RRVEHEZF

A et # e °He refrigerator & § 7 EIE R 312 S 34 2 B o 4 °He refrigerator #
R REARE G =8 Carbon B R 1 TR R F 14-300K 0 i & ST 1 0F .
Cernox § &3> 1 TR A F 01-325 K- 1 K Fig & g™ 1 1% - RUO2 i B3
- B3 2200Q ehFg fE > 1 T'F;‘Ef;%lﬂé 0.01K-40K > if £ 23T 1 i% o

*He sorb e A& 3+ 5 Allen-Bradley 38 &3 » Ao - 1K plate i & 3+ 5 RuO,i§ &
o A fD o Hepot § = 4 AE 5 - BEE A& Cernox v i B A 1.4-325K 5 A 3
RUO, » — 3EA I » — JEIE R A 5 025 mK-4.2K -

~ 3E4c A B =3 *He sorby B L 60 Q o ¥ < 3F =3t *He pot o % firerod 4c 4 E
Fd 3 %g firerod 8 i > FrEE 2x100 Qo FE AR M3 14 Ko AN % spdp e BB A
sorb 2 #24 *Hepot 58 A& o # B A &> 14K 54 * Hepot eh4e 84 B % 4738 - *He
refrigerator «rf 47 B (ITC503) &+ ¥ #h 4 A0V T 4e £ B> w2 R p ARHB 30V F R € ¥

BB AAAPE DT o

3-2-2d A2 Yridh

A HRAR A R & 7 Az WAUE & switching heater - Az H AU B4 F 5 NbTi> A2 8
B~10K» 242K~ 73 ~ 48165 AhR i A 2 4T g S 703 F 5 12.041
Almine g E e TR e LI IR EABE AL 2S) RERBEF R i (42K)

A FE ‘ﬁﬁﬂai&%%’@ﬁqfﬁ"m/ﬁgléﬁﬂgyﬁﬁ’” P aE

1?"‘“4’

B3 F

B H o switching heater & 4.2 K pF 3 fe 2 100.8Q » 1 iFpFid » 77k 5 50 mA o
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AR ERAB AT L B4 3-10 27 o F A PRARERS IR AR S AR B E D
Az Ea (2 6}?{)"3 AREL AR AP R TR KA TR € AR ¢ (a)
Befim A € in o~ BB o AT A R BT R Ao A SN P R L - switching heater 3
B- B (ERE 5 40§52 F)4e 4 switching heater ™ = ena it - € 2 R A H 45 > 2
fe R Avmin s RO g A(D)ER SR~ B 0 B A BEH o

AL F R L1 15 S fAHEEY > sweep 2 persistence mode - Sweep mode £_f ¢ *
R4 PE > switching heater 3% 3= B > #7100 F 1 ST P 4e 2 % 0 B2 o Persistence mode
Al 4e 3 - = g3 #-switching heater B H-> & F - BLPFRF(ZRE 5 40 §)) @ I A48 4
B w FACER > R e TR AR 0 B TR F R B HR@BZDT IS
FooLAEP BLFER AT ORI B AR ARG AP R R 7

FER T R

33 ERTR

B R L A g TR R I B T R o AP L R il LR
FERTRELREIE V)PORRBRER - EF AT ERT REL RS AP R
AT RER AP OR SR L R AR RBAIT R ey RE ~REFLER
PR BTy e BH T EEARTF (TR ARIT R A ) > pPFiF2 W
Bipl» g2 £ 0 Rt L LRETIH(EVE DHTRER

TEF 2 TEWP oR 3-11 2 H Rl -
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4.2K FLANGE 3He SORB— IK PLATE— 3He POT- ’_
\ / / ik

I
SECTION  A-A ﬁ 420.0 k| il_l

L IFTING LUGS 7 (VE+501mm) 4
L nmr - o vll\.JI N B 3 - T |.. B - % - ] —— al 2 o : -
L_.“ B ..|..| I S s m———— — SRR s e . — ot r|[. e ¥
S = |. i
@ V3K UVM PICK-UP LENGTH)
N SCALE 1:S , |
SLIDING SEAL TUBE VG

SLIDING SEAL (NWS0> TUFNOL
IVC GUIDE

O “
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W 3-7 °He refrigerator i ) -



<—=°He pot |
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